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Abstract. Six in-depth clinical interviews, involving six elderly female
patients (aged 60+) and one female psychiatrist, were recorded and anal-
ysed for a number of prosodic accommodation variables. Our analysis fo-
cused on pitch, speaking time, and vowel-space ratio. Findings indicate
that there is a dynamic manifestation of prosodic accommodation over
the course of the interactions. There is clear adaptation on the part of
the psychiatrist, even going so far as to have a reduced vowel-space ratio,
mirroring a reduced vowel-space ratio in the depressed patients. Previ-
ous research has found a reduced vowel-space ratio to be associated with
psychological distress; however, we suggest that it indicates a high level
of adaptation on the part of the psychiatrist and needs to be considered
when analysing psychiatric clinical interactions.
Key words: speech analysis, clinical interviews, depression, prosody,
accommodation, interaction, vowel-space
1 Introduction
Clinical depression is a common illness with a negative impact on several as-
pects of a patients life, accounting for 4.3% of the global burden of disease, and
is among the single largest contributor to global disability [1]. In Europe, depres-
sion has a 9% prevalence among men and a 17% prevalence among women; the
economic costs of depression amounts to 136.3 billion Euro in the European Eco-
nomic Area [2]. There are some objectively measurable markers for depression
[? ], but none that can be unobtrusively and readily measured during diagnosis,
which at this time depends on subjective assessments by expert practitioners.
These practitioners have to rely on patients’ self-reported symptoms and have
to perform clinical interviews to assess the impact and prevalence of symptoms
on the individual [3]. In an effort to find an easily measured objective marker
for depression, recent studies have explored the impact that it has on a number
of prosodic variables, which are affected by a variety of symptoms that occur in
depressed individuals, such as psychomotor retardation, muscle tension and cog-
nitive impairment [4]; indeed, changes to the prosodic behaviour of individuals
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with mental health issues are well known (for a review see [4]). These studies have
found that depression induces measurable, manifest changes in a persons speech
that can be indicative of depressive severity or even suicidal ideation. Some of
the symptoms required for a diagnosis of depression can lead to a variety of be-
haviours that impact interactions. Individuals affected by a loss of motivation can
experience social withdrawal, excessive negative thoughts, and feelings of guilt,
which can lead to socio-communicative disruptive behaviours. During an inter-
action, participants will subconsciously adapt their communicative behaviour to
that of their interlocutor, a phenomenon that is described using many terms,
particularly prosodic adaptation, accommodation, synchrony, mimicry, conver-
gence, alignment and entrainment [5]. Prosodic accommodation occurs between
speakers when changes in their prosodic parameters move in synchronous align-
ment or when they converge towards a common point [6], and is an important
factor in social interactions, as it aids comprehension and understanding between
participants [7].
2 Speech and Depression
Various researchers have found that depression results in measurable changes in
prosody (tone, intensity and rhythm of the voice); these changes have been found
to be somewhat indicative of the severity of depression and have been used to
differentiate between depressed and non-depressed patients. Moore et al. found
that pitch, energy and speech rate feature statistics could be used to differentiate
between patients with depression from those without [8]. Likewise, Cannizzaro et
al. found speaking rate and pitch variability to be strongly negatively correlated
with the severity of major depression [9]. Ozdas et al. observed that jitter (short-
term perturbations of pitch) are different in patients at imminent risk of suicide
1 as compared to those in a control group of non-depressed patients. Moreover,
they developed a Machine Learning (ML) classifier, using these findings, which
performed well in discriminating between suicidal speech and speech from the
control group [10]. Similarly, France et al. were able to discriminate between the
speech of depressed patients and the speech of suicidal patients using prosodic
analysis [11].
While interpersonal effects have not been investigated to the same extent,
promising results have been obtained in some studies. Yang et al. observed that,
as the severity of a patients depression changed, so too did the prosodic param-
eters of the trained clinical interviewers interviewing the patient. They suggest
that the observed effect is not simply caused by behavioural mimicry, but rather
a reflection of how the ”pitch”, measured by the fundamental frequency (f0), is
influenced by the intentions and goals of the speaker (in this case, to express
sympathy). Scherer et al. found that vowel-space was reduced in depression,
post-traumatic stress disorder (PTSD), and suicidality. Vowel-space is defined
1 These patients comprised of people who had recorded suicide notes and people who
had subsequently made potentially lethal suicide attempts
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as the frequency space covered by the first and second formants of the vowels
/i/, /a/, and /u/ as these are at the extremes of a triangular shaped frequency
space [12]. Scherer et al. [13] also found that the interviewers’ acoustic features
were strongly correlated with the depression severity of the interaction partner:
interviewers’ f0 mean and variability were correlated to the partner’s depression
severity, and interviewers displayed a ”breathy” voice quality (associated with a
more empathetic demeanour, and with sad behaviours [13]). The findings of both
Yang and Scherer, as discussed above, suggest that an interviewer’s behaviour
might also be an indicator of the depression severity of the interviewee, and thus
merits further investigation.
2.1 Prosodic Accommodation
While the majority of research on prosodic accommodation describes it as
a mono-tonic communicative property, recent work has demonstrated that
prosodic accommodation is a dynamic phenomenon that increases and decreases
over the course of an interaction [7, 14]. Moreover, the dynamic manifestation
of prosodic accommodation is directly related to the perceived naturalness of
conversational flow, mutual understanding and affinity, and the overall level of
engagement between speakers. Studies on the effects of depression on speech and
prosodic characteristics tend to focus on the individual speech parameters of the
depressed patient and their interlocutor, and neglect the socio-communicative as-
pect of prosodic accommodation. Previous work has shown this to be a dynamic,
socio-communicative process that is indicative of the level of engagement and
communication between interlocutors, and demonstrated that higher levels of
prosodic accommodation were associated with a higher level of engagement and
greater affinity between interlocutors [7]. Prosodic accommodation was found to
be positively correlated with the level of communication and global coordination
between interlocutors. Previous research also found that interlocutors accommo-
date across a range of prosodic parameters: intensity [15], speech rate [16, 17],
and pitch [18]. Collins [19] and Gregory et al. [20] observed global pitch to be in-
dicative of a level of accommodation (in terms of mean f0), using unconstrained
conversations and interviews of English. Accommodation in average vocal inten-
sity and intensity range has been observed both at the global and local levels
of task-based and unconstrained dialogues of English and Swedish [14, 21]. Ac-
commodation is important in decreasing communicative misunderstandings, and
facilitating faster goal attainment [22, 23, 24], while also increasing the level of
rapport and overall social success of an interaction [25, 26, 27].
3 Methodology
In order to investigate prosodic accommodation in psychiatrist/patient inter-
actions, noise-free, channel separated audio recordings were needed. Six psy-
chiatrist/patient interviews were recorded over the course of a few weeks, at
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an outpatient clinic for elderly sufferers of depression at St. James’s Hospital
Dublin; patients were six elderly female individuals (aged 60+). Ethics approval
was sought and granted from the hospital. All participant data was anonymised:
participants were assigned coded names (participant 1, 2, 3 etc), and all medical
records, including details on the depressive disorders, remained with the psy-
chiatrist and hospital. Only basic demographic data was collected alongside the
speech recordings (duration of the disorder, number of major episodes, age, and
gender). All participants were broadly classed by the psychiatrists as mild to
severely depressed, with no comorbid cognitive impairment (scores >24 on the
MiniMental State Examination); HAM-D scores were not obtained, this is an
aspect that future work will address, by ensuring a more granular measure of
depression is captured and used as part of the analysis. The average length of the
recordings was 20 minutes. In order to preserve the normal psychiatrist/patient
interview environment, it was important to ensure that any recording set-up was
as non-intrusive as possible. To this end, a small, portable audio recorder, the
ZOOM H4N, was used, in conjunction with discrete clip-on lapel mics. No con-
straints were placed on the topics of conversation; the clinical interviews were
part of the normal course of treatment for all participants and were not in ad-
dition to ongoing treatment.
Due to the nature of the recordings in the clinical setting, a lot of cross talk
was present between channels: the setting and the physical space in which the
recording took place did not allow for the speakers to be sufficiently acoustically
isolated from each other; therefore, each microphone captured both speakers,
albeit at different amplitudes. This made it necessary to prepare the audio for
analysis before feature extraction, so that each speaker was clearly labelled and
could be separated into different audio channels, and overlapping speech and
extraneous noise removed. Each recording was annotated using Textgrids in
PRAAT, and where then exported as separated audio files. This ensured that
we had noise-free, channel separated audio, ready to be analysed.
4 Analysis
Once the files were separated, acoustic features and prosodic accommodation
measures were extracted and computed using Matlab software, and the CO-
VAREP Matlab toolbox [28]. This is a set of open source Matlab scripts for
extracting and computing a number of acoustic features. f0 (pitch) was the
main focus of our analysis; as per [6, 7], it has long been observed that conversa-
tion partners exhibit similar pitch and intonation contours, and f0 contours are
the basis of the AUC calculations (discussed below); moreover, other frequency
based components, f1 and f2 measurements, are the basis of the vowel-space
calculations, which are also discussed below. Intensity based measures and their
relation to frequency based measures are currently being explored.
A Time Aligned Moving Average (TAMA) method [29] was used to obtain a
smoother prosodic contour for analysis. In the TAMA method, moving over-
lapping windows, large enough to extract useful chunks of speech, are used to
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extract prosodic parameters. Average values for a number of prosodic parame-
ters are calculated for each window, then the window is moved so that the new
time window overlaps by a certain degree with the old window (see fig. 1): the
result is a smoother contour, with no significant loss of accuracy in the capture
of prosodic dynamics. For our analysis, we used a window length of ten seconds,
with a five second overlap. The TAMA method solves the problem of measuring
accommodation in conversations, as speakers do not accommodate immediately
due the reactive temporal nature of conversation, and their inherent turn-based
structure.
Fig. 1: Time Aligned Moving Window. The diagram illustrates the TAMA
method, showing how the moving windows operate.
From each average obtained with the TAMA method, a correlation window
of thirty seconds was used to calculate the correlation of prosodic measures in
the dyad. The level of accommodation in dyads are measured with the Spear-
man’s correlation coefficient ρ[1, 1]. Large ρxy  0 can be considered indicators
of high levels of accommodation, while small ρxy  0 indicate a low level of ac-
commodation [30]. Our TAMA settings, of a window length of ten seconds, with
a five second overlap, resulted in six values per 30 second correlation window.
As per [30] a normalised area-under-curve (AUC) calculation is used to make
an approximate comparison between the two speakers regarding the similarity
of their pitch contours over the course of an interaction; this is taken to be an
indication of the balance of effort of each speaker in adapting their prosodic
parameters such that a larger AUC indicates stronger changes in pitch by the
speaker. The normalised values were obtained by dividing the individual AUC
calculations with the summed AUC of both speakers, and then multiplied by
100; this gives individual percentage values, enabling differences to be expressed
as a percentage of overall effort:
NORMAauc =
aucA
aucA + aucB
∗ 100 (1)
where aucA is the AUC for speaker A and aucB is the AUC for speaker B. The
combined NORMAauc + NORM
B
auc will always be equal to 100 percent. Formant
analysis and vowel-space calculations were carried out using the COVAREP Mat-
lab toolbox [28], as per [12]. Speaking time was calculated for each speaker using
an intensity based Voice Activity Detector (VAD), with the intensity threshold
set to a level that ensured all speech was accurately extracted. The overall speak-
ing time for each speaker was calculated as a percentage of total speaking time
for each conversation.
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5 Results
5.1 Pitch
All the conversations are positively correlated. There are no particularly strong
values (close to +1), and the overall accommodation level across all conversa-
tions is weak (see table 1 for overall accommodation values). More pertinent,
however, is the fact that the dynamic nature of prosodic accommodation means
that there will be moments of high and low accommodation throughout, so a
single accommodation score will not capture this dynamic aspect, as discussed
in section 2.1). This dynamic aspect is evident from the graphical representa-
tions of the accommodation of each interaction, which show a huge variation in
pitch accommodation level. Section 2.1 shows a graphical representation from
one conversation that is typical of all the conversations: moments of high and
low pitch accommodation throughout and an overall high degree of variability.
Fig. 2: Accommodation Graph. The graph shows the accommodation dynamics of
the dyad: clear moments of high and low accommodation can be observed (highlighted),
showing that accommodation during the clinical interactions was dynamic.
5.2 AUC and Speaking Time
The area-under-the-curve (AUC) calculations (see section 4), show that in two
of the six conversations, the psychiatrist made most of the effort to adapt to the
patient. In two of the six conversations, the patient was making the most effort
to accommodate. In two conversations, there is a fairly even balance of effort
between the psychiatrist and patient. In all conversations the patient was doing
the majority of the talking. Table 1 shows the overall accommodation scores
and the speaking time and AUC value for each of the six conversations. The
reduced speaking time across all interactions of the psychiatrist can potentially
be explained by the nature of the clinical interaction, where the psychiatrist asks
questions that are then answered at length by the patient.
5.3 Vowel Space Ratio
In agreement with [12], observed vowel space ratio was reduced in the patients’
speech: this preliminary result supports their findings of reduced vowel-space in
depressed patients. However, analysis also showed significant reduction in the
vowel space ratio of the psychiatrist involved in the interactions. While Scherer
et al. did find some vowel space ratio reduction in non-depressed participants
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accom.
Speaking Time AUC Values
Overall Patient psychiatrist Patient psychiatrist
1 0.106259 67% 49% 18% 35% 65%
2 0.199743 66% 42% 25% 70% 30%
3 0.184069 70% 53% 16% 47% 53%
4 0.305988 71% 56% 15% 52% 48%
5 0.108911 61& 35% 26% 44% 56%
6 0.0716094 69% 53% 16% 58% 42%
Table 1: Table showing the overall accommodation for each interaction, as well as
speaking time, and AUC values for the patient and psychiatrist in each interaction.
vowel space ratio values
Patient psychiatrist
1 0.607 0.612
2 0.496 0.673
3 0.451 0.409
4 0.601 0.549
5 0.637 0.662
6 0.733 0.618
Table 2: Table of the vowel-space ratios for patients and psychiatrist. No vowel-space
reduction would be a 1:1 ratio. Values less that this indicate a reduction in vowel-space.
[12], what is potentially significant about our results is the consistency across all
interactions. Vowel-space ratio reduction on the part of the psychiatrist has not
been previously investigated, and it represents a potential indication of adaptive
behaviour in response to that of the patient. Due to ethical requirements, it
is extremely unlikely that a depressed psychiatrist would practice and care for
depressed patients, therefore it is more likely that the vowel-space reduction in
the psychiatrist’s speech indicates a global measure of prosodic accommodation.
6 Discussion and Future Work
Our investigation shows that prosodic accommodation occurs in clinical interac-
tions, and is a dynamic phenomenon, as per previous findings (see section 2.1).
Using a combination of speaking time and normalised AUC values, we show that,
in two of the six conversations, the psychiatrist is making the most effort to ac-
commodate; in two of the conversations the patient makes the most effort, and
in two conversations there is a balance of effort. There is no clear reason for the
variance in effort across conversations; it is possible that a more granular mea-
sure of depression could account for these variances, with increased depression
severity being linked to a reduced AUC value. This is an aspect of the results
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that will be further investigated.
Vowel-space ratio measurements are more consistent, and the results suggest that
vowel-space ratio may be used as a measure of global interpersonal adaptation
in the context of clinical interaction; vowel-space ratio has not been investigated
as a measure of prosodic adaptation, and this result will be explored further. We
must also consider possible age related effects across all parameters, but espe-
cially vowel space ratio measures, as there may be age related aspects that can
cause a reduced vowel-space ratio. However, given the age difference between
the patients and the psychiatrist (25+years), age related effects were not likely a
factor in her reduced vowel space ratio, even if they were for the patient group.
Moreover, even if patient vowel-space ratio was reduced due to age related effects,
the reduced vowel-space ratio of the psychiatrist can still be indicative of strong
adaptation on her part. Further work will be conducted with a more granular
measurement of depression severity (using the Hamilton depression rating scale
(HAM-D)[31]), as well as an age and gender matched control group. Future work
will also focus on further examining vowel-space ratio reduction across a larger
data-set of psychiatrist/patient interactions, as well as exploring the relationship
between speaking time and AUC calculations, and their relation to aspects of
the conversation, such as topic, and depression severity.
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